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ABSTRACT 

We consider the possibility of cluster membership for 13 planetary nebulae that are located in 
close proximity to open clusters lying in their lines of sight. The short lifetimes and low sample 
size of intermediate-mass planetary nebulae with respect to nearby open clusters conspire to 
reduce the probability of observing a true association. Not surprisingly, line of sight coincidences 
almost certainly exist for 7 of the 13 cases considered. Additional studies are advocated, however, 
for 6 planetary nebula/open cluster coincidences in which a physical association is not excluded 
by the available evidence, namely M 1-80/Berkeley 57, NGC 2438/NGC 2437, NGC 2452/NGC 
2453, VBRC 2 & NGC 2899/IC 2488, and HeFa 1/NGC 6067. A number of additional potential 
associations between planetary nebulae and open clusters is tabulated for reference purposes. 
It is noteworthy that the strongest cases involve planetary nebulae lying in cluster coronae, a 
feature also found for short-period cluster Cepheids, which are themselves potential progenitors 
of planetary nebulae. 

Subject headings: Star Clusters and Associations 



1. Introduction 

For some time our knowledge of the intrinsic 
properties of the Galaxy's population of individ- 
ual planetary nebulae has been restricted b y large 
uncertainties in their derived distances. IZhangl 
(|1995[ ) suggests that the average uncertainty in 
the distances cited to Galactic planetary nebulae 
is in the range 35-50%. Others are less optimistic. 
Such a large scatter may not be surprising, given 
that planetary nebulae exhibit vario us morpholo - 
gies and span a large range in mass (|Kwokll2005l ). 

In contrast, well-studied open clusters have 
distances and reddenings that are established to 
much greater precision, with dist ance uncertain- 
ties as small as 2.5% being possible ( Turner fc Burkel 



20021 ). Planetary nebulae established as mem- 
bers of open clusters are therefore a potential al- 
ternative means of calibrating their fundamental 
properties. With an inferred distance from clus- 
ter membership in conjunction with a planetary's 
angular diameter and expansion velocity, its true 
dimensions and age can be deduced. Cluster mem- 
bership has the potential for a more direct calibra- 
tion of the core mass-nebular He, C, and N abun- 
dance relationship expected in planetary nebulae 
as a result of single star evolu tion with asymp- 
totic giant branch dredge-u p (jKoppen fc Acker 
20001 : ICazetta fc Macieill2000[) . Planetary nebulae 



confirmed as cluster members would enhance their 
impo rtance as calibrators for the Shklovsky rela- 
tion ( Qsterbrock fc Ferland [200i) or other sim- 
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ilar methods used to estab lish their distances 
( Bensbv fc Lundstroml 2001 ). On a cautionary 
note, significant improvement in such relation- 
ships may not be possible if the observed scatter 
is intrinsic. 

Several factors conspire to reduce the proba- 
bility of observing a planetary nebula associated 
with an open cluster. First, the effective sample of 
planetary nebulae includes a large number of ob- 
j ects that appear to populate the Galactic b ulge 



( Akhundova fc Seidov 1971 : ZiznovsWlOTS*), ac- 



cording to catalogue statistics TKoho utek 2001) 
their distribution along the Galactic plane (Fig- 
ure 1), as well as th eir observed radial veloci- 
ties (jOsterbrock fc Fer land .2006. ). Potential cal- 
ibrators lying in nearby open clusters are greatly 
reduced in number when that population is ex- 
clude d, although man y spatial coincidences still 
exist ( Ziznovskv 19751 ). Associated open clusters 
with ages of less than ~ 28 x 10^ years (log(r) < 
7.5) are likely to be excluded, since stellar evolu- 
tionary models indicate that the end products of 
their evolved components are Type II supernovae 
explosions. Current knowledge of stellar evolution 
suggests that the immediate precursors of C/0 
white dwarfs were planetary nebulae central stars 
that did not undergo core carbon ignition. 

In addition to a small sample size, the detec- 
tion of an association between a planetary nebula 
and an open cluster is further hampered by the 
short lifetimes of planetary nebulae. Models in- 
dicate that their main-se quence pr ogenitors were 

with 



Weidemann 



stars of 1 — 6.5 M© (e.; 
an upper limit of ^ 8 Mq being possible for pro- 
duction of Ne white dwarfs. The lifetime of the 
planetary nebula stage is very sensitive to initial 
progenitor mass and subseque nt mass loss (e.g., 
ISchoenberner fc Bloeckei 1996I ). and varies signif- 
icantly for main-sequence turnoff ages greater than 
28 X 10® year s, with estimates ranging from 



10"^ to 10^ years ( Schoenberner fc Bloeckei 1996t 
KoDpen fc Acked 120001 ) . The most common age 
for nearby Galactic open clusters is ~ 100 x 10® 



acco r ding t o the catalogue 



( 2002h summarized in 



years (log(r) ~ 
compilation of iDias et al. 
Figure 2. That corresponds to a main-sequence 
turnoff mass of Mto — 4 Mq. The lifetime of 
planetary nebulae associated with such progeni- 
tors is of order lO'^ years, essentially instantaneous 
on the Galactic stage. 



It is of interest to note that many planetary 
nebulae with massive central stars are found in 
the field, which is populated by the remnants of 
dissolved open clusters. Such clusters exceed the 
num ber of bound open clusters by a sizeable or- 
der (jLada fc Ladall2003l ). which suggests that, de- 
spite the short lifetimes of planetary nebulae with 
massive central stars, increasing the statistical 
sampling of possible spatial coincidences between 
planetaries and clusters may lead to successful de- 
tections. The usef ulness of such surveys a. t ex- 
tragalac t ic sca les bv lLarsen fc Richtler ( 2006h and 
Magrinil ( 2006f ) is therefore obvious: larger statis- 



tics dominate and planetary nebulae are readily 
discernable, as de monstrated b y their success as 
standard candles (jJacobv [iisi). The success of 
the Macq uarie / A AO / S trasbourg Ha (MASH) sur- 
vey ( Parker et al.l200"6l ) in detecting large numbers 
of additional Galactic planetary nebulae has also 
been extremely useful in revealing additional co- 
incidences with Galactic clusters. 

The discov ery of planetary nebu lae within glob- 
ular clusters (jJacobv et al.l 119971 ) raises a perti- 
nent point that must be considered. If we con- 
sider 1 — 1.5 Mq as a strict lower mass limit 
for the p rogenitors of planetary nebulae (jKwok 
2005t [Osterbrock fc F crland 2006), then, for the 



ages assigned to globular clusters, correspond- 
ing to main sequence turnoffs of less than IM©, 
one must invoke binarity (mass transfer) to re- 
solve the result ing discrepancy. That s u pport s 
the scenario of I Pe Marcol (|2006[ ). ISokej (|2006l ). 
and Ziilstra 

(20017 

who argue that a large frac- 
tion of observable planetaries may indeed stem 
from binary systems. Consequently, if a planetary 
nebula/open cluster association is established, we 
must be aware of the possibility that binarity 
might negate possible predictions for progenitor 
mass on the basis of the cluster's implied age from 
its main sequence turnoff. 

In this paper we consider the possibility of clus- 
ter membership for a number of planetary nebulae 
that are located in close proximity to open clusters 
lying in their lines of sight. The often cited cases 
for planetary nebula/open cluster associations in- 
clude the cluster and nebula designated as NGC 
2818, as well as A9 in NGC 1912 (M38) and NGC 
2438 in NGC 2437 (M46), but lesser known cases 
are also considered. 
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2. Suspected PN/Open Cluster Associa- 
tions 

Lubos Kohoutek has compiled an on-line list 
of suspected planetary nebula/open cluster asso- 
ciations, s o mewh at different from that given by 
Ziznovskv ( 1975h . that is reproduced in Table 1. 
To that list we have appended a new case involving 
the planetary nebula M 1-80 and the open cluster 
Berkeley 57, and also consider two planet aries that 
may be outlying members of IC 2488 ( Pedrero^ 
119871 ). 

Table 1 includes, where available, a planetary 
nebula identifier tied to its Galactic co-ordinates, 
along with information on the dimensions of the 
spatially adjacent cluster and the angular sepa- 
ration of the planetary from the cluster center. 
Open clusters are generally larger than the obvi- 
ous con centrations of stars comprising their core 
regions (|Kholopovlll"96l iNilakshi et al.ll2002l) . so 
we list in columns 4 and 5 estimates for the nu- 
clear radius, r„, and coronal radius, Rc, of each 
cluster, wher e the two dimens ions are tied to the 
definitions of Kholopov ( 1969( ) based upon hnear 
star counts. The cluster nucleus comprises the 
dense central region of a star cluster that is ob- 
vious to the eye, whereas the cluster corona is 
the much lower density outer region. Information 
on both parameters is not generally available for 
most clusters, although estimates of clu ster an- 
gular diameter given by Dias et al] ( 2002 ) closely 
match the diam eters of cluster nuclei defined by 
Kholopovl (11969). Coronal r adii can be 2.5 to 10 
times larger (jKholopovlll969[ ). and the best means 
of estimating that parameter seems to be by scal- 
ing the l arge angular diame ters for open clusters 
cited by Barkhatova ( 1950l) . as described in the 
table footnotes. The last values are crude approx- 
imations at best, but at least provide a sense of 
scale for establishing if a planetary nebula's angu- 
lar separation from a cluster is consistent with a 
bona fide spatial coincidence. 

Table 2 outlines the qualitative framework used 
to determine if the suspected associations are co- 
spatial. The primary criteria are the differences in 
radial velocity and color excess between the plan- 
etary nebula and cluster (AVr, I^Eb-v), and the 
ratio of the estimated distances [Db)- The follow- 
ing parameters are also considered: the apparent 
size of the objects, their angular separation, and 



Galactic location. Because of the large number 
of planetary nebulae lying in the direction of the 
Galactic bulge noted earlier, there is a natural bias 
towards purely line of sight coincidences with open 
clusters for planetaries lying in that direction (re- 
call Figure 1). 

The interstellar reddenings of planetary nebu- 
lae cited throughout this study were usually de- 
rived from the standard constant of extinction, c, 
via the following generic approximation: 

Eb-v ^ 0.77 X c 

from Osterbrock fc Ferlandl ( 2006h . where c is re- 
lated to the logarithmic extinction at H/3. The 
resulting reddenings may be systematically higher 
than those for stars in the surrounding fields if 
there is inherent self-absorption by dust within the 
planetary nebulae themselves. 

Reddening is not necessarily a strong crite- 
rion for a spatial coincidence. The spatial dis- 
tribution of interstella r extinction near the Sun 
(jNeckel fc Klarelll98n[ ) is clearly defined, and in- 
dicates that the dust is concentrated in distinct 
clouds rather than more or less uniformly dis- 
tributed along the Galactic plane. Between the 
dust clouds along some lines of sight are large 
gaps, of a kiloparsec or more, within which all 
stars share similar reddenings. Small spatial vari- 
ations in reddening can be attributed to density 
variations within the clouds themselves. 

2.1. M 3-20 and Trumpler 31 {£ ~ 2°) 

The open cluster Trumpler 31 was studied pho- 
tograp hi cally on the RGU syst em bv ISvolopoulod 



(| 19661) . IJanes fc AdleJ (|l982[ ) obtained a clus- 



ter distance of d = 1.86 kpc and a reddening of 
Eb-v — 0.43 after transforming the data to the 
UBV system. The cluster is not an obvious con- 
centration of stars on POSS images of the field, 
and star counts are needed to assess its reality. 
A color excess of Eb-v — 1-10 ± 0.08 derived 
for the planetary nebula M 3-20 ( Tvlenda et al.l 
J992) places it bey ond ~ 2 kpc according to the 
extinction maps of iNeckel fc Klard (|l980f ) . The 
estimated distance is c? ~ 5000 ± 350 pc ( Zhanel 



19951), which, in conjunction with the reddening, 



small angular size, and Galactic location towards 
the Galactic bulge (Figure 2), confirm the plane- 
tary nebula as a background object to the cluster 
Trumpler 31, which may not exist. 
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2.2. M 1-80 and Berkeley 57 



108°) 



Kions: Aj = 0.276 x Ay, E.j^h 



Berk eley 57 is an older clu ster recently exam- 
ined bv lHasegawa et aL (2004), who derived a dis- 
tance oid= 4150 pc, a reddening oIEb-v = 0.75, 
and an age of 14 x 10® years (log(T) = 9.14). The 
planetary nebula M 1-80 is located 10' from the 
cluster, and is esti mated to lie at a distance of 
d ^ 5250 ± 500 pc (IZhanel ll995h with a redden - 



( Bica fc Bonattol 120051 : IPutra et al 



0.33 X Eb-v 
2002h . The 



ing of Eb-v ^ 0.54 ± 0.11 (iTvlenda et anil992h . 



Reddening alone constrains the distance of both 
objects only to somew here in the interval 2 — 6 kpc 
(jNeckel fc Klarelll980[ ). so the case rests mainly on 
the similarity of the distance estimates. 

Star counts compiled from 2MASS data (Fig- 
ure 3) lead to an estimat ed cluster nuclear radius 
of r„ = 5' (see lKholopovl[l969, ) , which means that 
the planetary lies only 2 x r„ from the cluster cen- 
ter. It is therefore a potential member of the clus- 
ter corona, adding further interest to the study 
of its potential association with Berkeley 57. The 
next step would be to use spectroscopic observa- 
tions of the many evolved cluster giants to estab- 
lish the cluster's radial velocity, for comparison 
with the valu e of Vr = —58 zfc 10 k m s^^ derived 
for M 1-80 bv lDurand eTall (|l998l ). 



2.3. A9 and NGC 1912 (M38) 



172°) 



Various literature studies of the parameters for 
NGC 1912 (M38) generated a wide range of dis- 
tance estimates for the open cluster, the likely 
reason being the 0.4-mag. spread in color ex- 
cesses for member stars. The clus ter distance is 
d ~ 970 ± 40 pc (|Turneij Il976bl ) when that is 
taken into account. An independent distance esti- 
mate was obtained using data from the Two Mi- 
cron All Sky Survey f2MASS. ICutri et al.ll200"l 
to construct a J versus J~H color-magnitude di- 
agram, shown in Figure 4. Isochrones tailored 
specifically to the 2MASS system were obtained 
from the Padova Database of Stellar E volution- 
ary Tracks and Isochrones (jBonatto et al. 2004). 
A sub-solar metallicity solution {Z — 0.008) pro- 
vided t he best visual fit, and is supported by the 
work of Jennens fc Helfeil(ll975l) . who determined 
a cluster metallicity of [Fe/H]~ —0.35, which cor- 
responds to Z -2^ 0.009 accor ding to the relation- 
ship found by iBertenTetaD (|i994) . The follow- 
ing relationships were adopted between extinction 
and color excess in the infrared and optical re- 



canonical distance modulus relation was reformu- 
lated and evaluated as: 

log(d) = 0.2 [J - Mj - OM{Ej-H X Rv) + 5] 

The results, displayed in Figure 4, yield a dis- 
tance oi d = 1050 ± 150 pc, a reddening of 
Eb-v = 0.27 ±0.03, and an age of 18 x 10^ years 
(log(T) = 8.25 ± 0.15), essentially confirming pre- 
vious estimates of a low reddening and a distance 
near 1 kpc. 

With regard to the planetary nebula A9, a dis- 
tance degeneracy has emerged , with both nearb j v 
d ~ 4000 pc, Eb-v^ 
and d 



5050 pc llPhillips 



erged , witn botn nearby , 
1.05 (iKaler et al.lll99n[ ). 



d = 8900 ± 6100 pc ([Zhang 



20041), and distant, 
1995), solutions be- 
ing advocated. The planetary's large apparent di- 
ameter o f 30", measured usin g the Aladin envi- 
ronment ( Bonnarel et al.ll2000l ) . would seem to fa- 
vor the nearer e stimates. The extre me faintness of 
the central star ( Kwitter et al.|[l988l) and the large 
reddening of the planetary nebul a, which implies 
a distance in excess of ~ 4 kpc (jNeckel fc Klard 
1980f ) for A9, almost certainly place the plane- 
tary at a much greater distance than the cluster 
NGC 1912. A radial velocity of Vb. = -1.0 ± 0.6 
km s^^ is available for a red giant mem ber of the 
cluster (IGlushkova fc Rastorguevl Il99l[ ). but the 
radial velocity of A9 has not yet been measured. 
Presumably it would merely serve to confirm that 
the two are unrelated. 

2.4. NGC 2438 and NGC 2437 (M46) {£ ~ 

232°) 

The location of the planetary nebula NGC 2438 
relative to the open cluster NGC 2437 (M46) is 
visually supportive of an association, given the 
planetary nebula's breadth, brightness, and prox- 
imity to the cluster core (Figure 5). Three es- 
timates for the distance JZhand [l995h and red- 
dening (jTvlenda et al.lll992l ) to the planetary neb- 
ula yield mean values of d ~ 1775 ± 630 pc and 
Eb-v — 0.17 ± 0.08. Both are in general agree- 
ment with a zero-age main sequence (ZAMS) and 
isochronc fit to 2MASS photometry for M46 (Fig- 
ure 6) that yields values oi d — 1700 ± 250 pc, 
Eb-v = 0.13 ±0.05, and an age of 22 x lO'^ years 
(log(T) ~ 8.35). Color excesses increase along this 
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line of sight fro m ~ 0.1 to ^ 0.3 at d istances be- 
yond - 1.5 kpc (jNeckel fc Klarelll980l ). which con- 
firms the distances estimated for both the cluster 
and the planetary nebula. The color excesses for 
both are also similar enough to confirm that they 
share the same space reddening. The case for 
a physical association therefore rests upon their 
space motions. 

Early studies o f the radial velocity of NGC 
2438 and M46 bv ICuffevI (ll94lL citing measures 
by Struve) and lO'Delll jlQel indicated a differ- 
ence of AVr ~ 30 km s~^ between the objects, 
which suggests that the pair constitutes a spa- 
tial coincidence only. A cluster red giant spec- 
troscopic binary has an identical systemic velocity 
( Mermilliod et al. as that obtained for clus- 

ter d warf members by Cuffey ( see Table 3). How- 



ever, |Paui7&^^ohoute3 ( 19961 ) rekindled interest 
in a possible planetary nebula/open cluster asso- 
ciation when they found similar radial velocities 
for both. While it is conceivable that the early ra- 
dial velocity measures for cluster stars, which were 
made from spectrograms obtained from the north- 
ern hemisphere, might be affected by spectrograph 
fiexure or by the presence of spectroscopic bina- 
ries in the sample, it is noteworthy that the radial 
velocity measured for the planetary nebula is sim- 
ilar to more recent measures ( Table 3). If the ra- 
dial velocity measurements of IPauls fc Kohoutekl 
il996) are reliable, then there is a good case for a 
physical association of NGC 2438 with M46. But 
additional velocity measures are clearly needed to 
strengthen the case, given that proper motions 
may not pro vide a suitable test in this instance 
(|0'Del]lll963h . 



2.5. NGC 2452 and NGC 2453 



243°) 



The derived distances to the open cluster NGC 
2453 are unsatisfactorily varied, as Table 4 sum- 
marizes. Field star contamination may be im- 
portant in this case, given that the cluster main 
sequence is dominated by B-type stars, which 
also populate the Puppis OB associations, and 
an extension of th e Perseus arm behind them 
( Peton- Jonad 1981), which lie along the same 
line of sight. T he distances cited from two deep 
CCD studies bv lMallik etal\ (|l995l ) and lMoitinho 
(|200ll ) are favored because the main sequence mor- 
phology is well defined. The latter study of NGC 
2453 implies a distance oi d ~ 5250 pc, a red- 



dening of Eb-v — 0.50, and an age of 40 x 10^ 
years (log(T) = 7.6). The parameters for the 
planetary nebula NGC 2452 generally agree with 
those of the cluster, al though the c ited distance 
of d ~ 2950 ± 420 pc (IZhans||l995l) and redden - 
ing of Eb-v - 0.36 ±0.12 (jTvlenda et al.|[l993 ) 
might suggest that the planetary nebula lies fore- 
ground to the cluster. The reddening along this 
line of sight remains unchanged at Eb-v — 0.6 
for distances in excess of ~ 2 kpc (|Neckel fc Klard 
1980l ). so the small difference in color excesses is 
not useful for distance discrimination. 

With reference t o avail able radial velocities, 
Moffat fc Fitzgera 3 (|l974h obtained a value of 
Vr = 67 ± 14 km/s for a cluster B5 star ide- 
ally positioned as an evolved main-sequence mem- 
ber in the cluster color-magnitude diagram. De- 
spite the large uncertainty in the velocity and 
the fact that the spectrogram displayed double 
lines, the value is very similar to measures for 
the planetary nebula: Vr = 62.0 ± 2.8 km s~^ 
( Meatheringham et al.ll988 ). and Vr = 65±3 km 



Durand et al.l ( 1998[ ). Additional radial ve- 



locity measurements for established cluster mem- 
bers are needed to assess the viability of the case 
further, although existing data do not rule out a 
possible spatial coincidence. 

It i s of interest to note that Cazetta fc Maciel 
(|2000l ) concluded that NGC 2452 was among the 
most massive planetary nebulae in their sample of 
■~ 100. Their argument was based on the abun- 
dance ratio N/0, which is a tracer of mass for the 
progenitor star via the dredge-up scenario. Coin- 
cidentally, the cluster's young age also implies a 
massive progenitor of Mto — 6.5 Mq (see Figure 
2). 

2.6. NGC 2818: Planetary Nebula and 
Cluster (£ ~ 262°) 

The well known spatial coincidence of the plan- 
etary nebula NGC 2818 with its surrounding clus- 
ter is an example of a case t hat visual l y supp orts 



ter IS an example or a case t nat visual l y supp ort! 
an association (Figure 7). PedrerosI ( 19891 ) de- 



termined a distance oi d = 2300 pc and a red- 
dening of Eb-v = 0.18 for the cluster, consis- 
tent with the parameters derived for the plane- 
tary nebula: 
and Eb-v - 



d = 2660 ± 830 pc (IZhang 



0.28 ± 0.15 (|Tvlenda et al 



1995 ). 



19921 ). 



Equally encouraging are radial velociti es from low 
dispersion spectra (230 A mm~^) by iTifft et aT 
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( 19721 ) for two A- type stars in the cluster that 
yielded Vr = 3 ± 20 km s~^, compared with 
Fr = 8 ± 13 km s^^ obtained for the planetary 
nebula. Such evidence, in conjunction with the 
general agreement in distance and reddening, has 
been the basis for the conclusion that the two are 
associated. 

More recent results suggest otherwise. A com- 
prehensive radi al velocity study of sta rs in the 
cluster field by iMermilliod et al.l (|200ll ) yields a 
cluster radial velocity from 15 red giant members 
of Vr = 20.7 ± 0.3 km s'^, while the radial ve- 
locity of the planetary n ebula is established to be 
Vr = -0.9 ± 2.9 km s-^jDurand et al."l998') and 



Vr = -1±3 km s~i (|Meatheringham et al. 1988 1. 
consistently smaller than the velocity of the clus- 
ter. The greater precision of recent estimates re- 
sults in a velocity discrep ancy of AVr = 22 km s~^ 
(jMermilliod et al.ll200lh . implying a spatial coin- 
cidence rather than a physic al asso ciation, as con- 
cluded bv Mermilliod et al] (|200ll ). 



2.7. VBRC 2 & NGC 2899 and IC 2488 

{£ ~ 277°) 

IPena et all ()l997l) conducted an extensive 
study of the planetary nebula VBRC 2 and de- 
rived a distance of d = 1200 ± 200 pc and a 
reddening of Eb-v = 0.38. The values are con- 
sistent with the paramete r s foun d for the cluster 
IC 2488 by IClaria et al.1 (|2003f) , who derived a 
distance of d = 1250 ± 120 pc, a reddening of 
Eb-v = 0.24 ± 0.04, and a radial velocity of 
Vr = —2.63 ± 0.06 km s^^. Those values are 
smaller than the estimates of d = 1445 ± 120 pc 
and Eb-v = .26 ± 0.02 obtained for IC 2488 by 
Pedrerod (|l987[) . 

There may be a tendency to dismiss an associ- 
ation between the cluster and planetary because 
of their large apparent separation (~ 54'), despite 
the consistent correlation among the parameters. 
Star counts of the field were therefore made us- 
ing data available from the 2MASS survey (Fig- 
ure 8). The data highlight IC 2488's broad extent 
(r„ ~ 17' — 18') and indicate that the planetary 
nebula VBRC 2 lies within ~ 3 — 4 cluster nu- 
clear radii. Since cluster coronae typically extend 
anywhere fr om 2.5 to 10 ti mes beyond their nu- 
clear radii ( Kholopov 1969 lh. and the coronae of 
star clusters in the outer Galaxy are larger on aver- 
age than those in the inner regions (iNilakshi et al 



20021 ). it may be premature to dismiss a possible 
association based solely on arguments of separa- 
tion. It is of interest to note that a large fraction 
of short-period Cepheids, potential progenitors of 
planetary nebulae, fa ll within the coronae of their 
constituent clusters ( Turnei| [r985). A final deci- 
sion on the case must therefore await a radial ve- 
locity for the planetary nebula, to assess its po- 
tential as a cluster member properly. 

Published estimates for the parameters of 
the planetary nebula NGC 2899 imply a dis- 
tance of d ~ 1560 ± 570 pc and a reddening of 
E^v - 0.32 ± 0.24 (|Zhang|ll995l : iTvlenda et aT 



199z), consistent with the parameters for IC 2488. 
Durand et al., ( ,1998.) measured the radial veloc- 
ity of the planetary nebula to be Vr = 3.4 ± 2.8 
km s~^, which differs slightly but only by slightly 
more than 2<j from the cluster value. NGC 2899 is 
in the same situation as VBRC 2, since it also lies 
nearly as far from the cluster center, yet possibly 
within the corona. Remeasuring the color excess 
and radial velocity of the planetary nebula with 
greater precision would help clarify the case for 
cluster membership. Thus, while not conclusive, 
both candidates offer encouraging evidence. 

The reddening along this line of sight be- 
comes larger than En -v — 0.3 beyond ~ 1 kpc 
(jNeckel fc Klard |l98O0, so the observed color ex- 
cesses for the cluster and planetary nebulae imply 
that they are reddened by foreground dust clouds. 
Reddening is therefore of little use for constraining 
the distances to the planetary nebulae. Presum- 
ably radial velocities would provide a stronger test 
for a physical association. 

2.8. ESO 177-10 and Lynga 5 ~ 325°) 

The open cluster Lynga 5 has not been studied 
since its discovery nearly forty-five years ago, so 
its parameters are essentially unknown. For this 
study we examined the field and estimated a peak 
in star density by eye at J2000.0 = 15:41:55, - 
56:38:38, and a corresponding nuclear radius mea- 
suring about 2'. As a means of obtaining approx- 
imate values for its dist ance and reddenin g, data 
from the 2MASS survey (jCutri et al.ll2003l ) for ob- 
jects in the field of the putative cluster nucleus 
were used to construct JHK color-color and color- 
magnitude diagrams for cluster stars. The color- 
color diagram (Figure 9) suggests that there is a 
sizable group of reddened late B-type stars in the 
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field, presumably associated with the cluster main 
sequence. The implied cluster reddening, Ej-h = 
0.33 ± 0.03, corresponds to Eb-v = 1.18 ± 0.11. 
A simple ZAMS fit was used to estimate the dis- 
tance (Figure 10), yielding d = 1950 ±350 pc. But 
the values cited are only preliminary, and still un- 
certain. A few cluster stars may be bright enough 
for spectroscopic follow-up, which might confirm 
the derived parameters. Interestingly enough, 
the cluster main-sequence turnoff appears to lie 
roughly at B5, implying an age of ~ 50 x 10^ 
years (log(T) = 7.7), corresponding to masses of 
> 6.5Mq for cluster evolved components. 

The cited distance of 2550 ± 670 pc (JZhaiigl 

19951 ) to the planetary nebula ESO 177-10 is 
marginally consistent with the value obtained 
for the cluster, but the color excess of Eb-v — 
2.46 ± 0.07 for the planeta ry derived from sev- 



2.10. HeFa 1 and NGC 6067 



330°) 



eral radio meas urements (jTvlenda et al.l Il992t 
Cahn et al. Il992l) indicates that it suffers from 



much heavier extinction. Such a large reddening 
implies a dist ance in excess of ^ 2 kpc along this 
line of sig ht (jNeckel fc Klarelll980^ ■ lending sup- 
port to the argument that the planetary nebula 
lies in the cluster background. Radial velocities 
would likely confirm that this pair represents a 
spatial coincidence only. 

2.9. KoRe 1 and NGC 6087 ~ 328°) 
iKoester fc Reimers ( 1989[) conclude that the 



planetary nebula KoRe 1 is in a highly excited 
state on the basis of nearly equal spectral inten- 
sities for He II A46 8 6 and H/3. According to the 
work of Gurzadian ( 19881 ). who formulated a re- 
lationship between the temperature of the central 
star and the various emission line ratios, KoRe 1 is 
among a small percentile of planetaries with super- 
high temperature central stars (~ 300,000 K). A 
correspondingly high intrinsic luminosity, faint ap- 
parent magnitude for the nebula and central star 
(near the Sky Survey limits), and a small apparent 
diameter (14") for the associated planetary neb- 
ula suggest that it is probably much more distant 
tha n the cluster , which is nearby {d = 902 ± 10 
pc, Turner 19861 ). The pair appears to represent 
another case of a spatial coincidence rather than 
a physical association. 



Henize fc Fairalll (jl983[ ) concluded that the 
planetary nebula HeFa 1 is probably not as- 
sociated with the open cluster NGC 6067, on 
the basis of an inferred reddening of Eb-v 



0.66 ± 0.04 (jHenize fc Fairalllll983l : iTvlenda et al 



19921 ). which is larger than that of the cluster. The 
large color excess implies a distance not much 
greater than ~l-2 kpc, according to the run of 
reddening with distan ce along this line of sight 
( Neckel fc Klard 1980|) . The clust er reddening i s 
Eb-v = 0.35 ± 0.01 accor ding to IWalk er' ("198^, 
and Eb-v = 0.32 from iMevnet et a l. (1993), 
which places a simil ar constraint on its distance. 



Mevnet et al.l (jl993f ) find a distance of d = 1665 
pc and an age of 17 x 10^ years (log(T) — 8.22) for 
the cluster, so the only difference in parameters 
between the cluster and planetary nebula is the 
reddening, which is not an ideal test of member- 
ship in this instance. 

NGC 6067 is also statistically vmique in that it 
hosts two Cepheid members (Eggen 1983i). There 
is consequently an a priori probability of detect- 
ing a planetary nebula associated with the clus- 
ter since short-period Cepheids are potential pro- 
genitors of stars that produce planetary nebulae. 
A radial velocity estimate for the planetary neb- 
ula would help resolve the question of its possi- 
ble cluster membership, since a cluster velocity 
of Vb. = —39.3 lb 1.6 km s~^ has been measured 



(|Mermilliod et al.lll987l ). The case for a potential 



physical association remains open. 

2.11. Sa 2-167 and NGC 6281 {i ~ 348°) 
Feinstein fc Fortd (|l974l ) established that the 



cluster NGC 6281 is nearby with a distance of d = 
560±30 pc and a reddening of i;B_y = 0.15±0.02. 
The planetary nebula Sa 2-167, however, has a 
much larger color excess of Eb-v — 2.2, accord- 
ing to iTvlenda et al. ( 1992), which imp lies a dis- 
tance in excess of ^ 2 kpc iNeckel fc Kla rc 198d). 
One can also note the location of the planetary to- 
wards the Galactic bulge. The reddening discrep- 
ancy alone indicates that the planetary nebula lies 
in the background of the open cluster NGC 6281. 

2.12. M 3-45 and Basel 5 ~ 360°) 

A reanalysis by I Janes fc Adled (Il982h of pho- 
tographic iJGf/ photometry for the cluster Basel 
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5 by ISvolopoulosI ( 19661 ) indicates that Basel 5 
is relatively nearby with a distance oi d = 1360 
pc and a reddening of Eb-v = 0.39. Con- 
versely, the planetary nebula M 3-45 may be a 
mem ber of the Galactic bulge population ([Markov 
19981 ). given its galactic longitude a nd large red- 
dening of Eb-v - 1.86 ± 0.01 fivlenda et al 



1992; Cuisinier et al. 2000l ). As in the previous 



case, the large reddening discrepancy is sufficient 
to indicate that the planetary nebula cannot be 
associated with the cluster. 

3. Other Possible Coincidences 

The list of potential spatial coincidences be- 
tween planetary nebulae and open clusters pre- 
sented in Table 1 is only a partial listing of the spa - 
tial coincidences that exist (e.g.. lZiznovsk^ll975[ ). 
A more exhaustive listing of potentially good cases 
is presented in Table 5, derived with the aid of on- 
line lists of planetary nebulae (and possible plane- 
tary nebulae) and open clusters, the latter includ- 
ing some rather sparse spatial groupings not yet 
confirmed as true clusters (such as the anonymous 
group lying near the planetar y nebula A 69). The 
interesting case of AL 67—01 ( Andrews fc Lindsa^ 
19671 ) and PHR1315-6555 was highlighted by 



Parker et al 



but there are a few other 
equally interesting coincidences, such as K4 4-41 
near NGC 6846. Several dozen other spatial co- 
incidences exist, but they consist mainly of plane- 
tary nebul ae lying towards the region of t he Galac- 
tic center (jjacobv fc van de Steenell2004l ) or bulge 
in purely spatial coincidence with foreground clus- 
ters. Most are extremely faint planetaries of small 
angular diameter that are almost certainly back- 
ground to the relatively nearby clusters. Many 
of the objects in Table 5 are deserving of further 
study, however. 

A noteworthy feature of both Table 1 and Ta- 
ble 5 is that there are very few planetary nebu- 
lae coincident with cluster nuclei, and even those 
cases may represent cluster coronal objects seen 
in projection against cluster nuclei. A sometimes 
overlooked property of Milky Way open clusters is 
that their dimensions and stellar content are in- 
variably underestimated when gauged on the ba- 
sis of stars populating their dense nuclear regions, 
which are oversampled in GCD studies. As noted 



find that open clusters are surrounded by low den- 
sity coronae that contain the bulk of their member 
stars. By inference, that should include the bulk 
of cluster members that evolve into planetary neb- 
ulae. Cluster coronae also contain a large propor - 
tion of each cluster's massive stars ( Burkil [l978l) , 



and account for the majority of Gepheids t hat are 
associated with open clusters ISI^Iiiii). Clus- 
ter Gepheids in the Large Mag ellanic Cloud ex- 
hibit an identical characteristic (|Efremovll2003| ) . 

There is no obvious explanation for the pref- 
erence of massive stars and Gepheids, and pre- 
sumably planetary nebulae progenitors, to cluster 
coronae. A dynam ical orig ir i for c oronal Gepheids 



was proposed by [Turner (|l985h . in which the 



greater frequency of stellar encoun ters in dense 



cluster nuclei (see iTurnen Il996al ) results in 



in §2, iKholopovl |l969,) and lNilakshi et al.l (|2002h 



higher frequency of close binaries and merger 
products there, the former, because of Roche lobe 
overflow, being less likely to produce post-main- 
sequence stars capable of reaching supergiant di- 
mensions. The same mechanism might explain the 
apparent shortage of planetary nebulae in cluster 
nuclei. An alternate explanation in terms of a 
radial dependence of Je ans mass M j in proto- 
clusters was suggested bv iBurki to account 

for the discrepancy with respect to massive stars. 

It is of interest to speculate on the future fate of 
cluster members with masses of M < 8 Mq . Such 
objects eventually becom e Gepheids wi th pulsa- 
tion periods P < 10 days (|Turneij|l996bh or plan- 
etary nebulae once they pass through intermedi- 
ate stages as red supergiants and asymptotic giant 
branch stars. The duration of the Cepheid phase 
varies widely from lO'* — 10^ years for first crossings 
of the instability strip to 10^ — 10^ years for higher 
crossings, an order of magnitude (or more) longer 
than the planetary nebula stage. There are ^ 30 
known cluster Gephei ds with P < 10 days (e.g.. 
Turner fc BiTA3l2002f ). so statistically one might 
expect only a few planetary nebulae to be mem- 
bers of open clusters, and a preference for cluster 
coronae would seem logical. The survey presented 
here appears to confirm such expectations. 

4. Discussion 

We have yet to establish a single physical asso- 
ciation between a planetary nebula and an open 
cluster based on a correlation between their ra- 
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dial velocities, reddenings, and distances. How- 
ever, further follow-up is indicated for a number 
of cases where the evidence is suggestive, namely 
M 1-80/Bcrkeley 57, NGC 2438/NGC 2437, NGC 
2452/NGC 2453, VBRC 2 & NGC 2899/IC 2488, 
and HeFa 1/NGC 6067, six of the thirteen coin- 
cidences considered. Additional good cases may 
arise from closer examination of some of the other 
coincidences noted in Table 5, but most of the as- 
sociated clusters are as yet unstudied, limiting fur- 
ther progress. 

Almost all potential cluster planetary nebulae 
lie in cluster coronal regions, typically surround- 
ing open clusters for which limited or no photo- 
metric data exist. The fact that very few Galactic 
open clusters have been studied to the extent that 
both their nuclear a nd coronal regions are exam- 
ined (jTurneii Il996ar ) only compounds the situa- 
tion. Further progress requires not only new stud- 
ies of our Galaxy's many unstudied clusters, but 
studies of their coronal regions as well. Spectro- 
scopic observations of potentially-associated plan- 
etary nebulae would also be of value. 

We are indebted to the following groups for fa- 
cilitating the research described here: the staff 
at Vizier, WebDA, and the NASA ADS service. 
We are particularly grateful to Andre Moitinho 
for sending us a copy of his CMD for NGC 2453, 
Charles Bonatto for useful discussions on tak- 
ing advantage of data from the 2MASS survey, 
George Jacoby for suggestions on preparing the 
text, Gunter Cibis for drawing our attention to 
the possibility that some planetary nebulae might 
be cluster members, and Lubos Kohoutek for com- 
piling the list of suspected PNe/OC associations 
that was the foundation for this research. 
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Table 1 

Possible Planetary Nebula/Open Cluster Associations. 



Planetary Nebula 


PN Identifier 


Open Cluster 


Cluster r„ (')" 


Estimated B-c ( 


Separation (') 


M 3-20 


G002.1-02.2 


Trumpler 31 


3 


24 


7 


M 1-80 


G107.7-02.2 


Berkeley 57 


5 




10 


A9 


PK172+00.1 


NGC 1912 (M38) 


10 


31 


13 


NGC 2438 


G231.8-f04.1 


NGC 2437 (M46) 


10 


35 


5 


NGC 2452 


G243. 3-01.0 


NGC 2453 


2 


21 


9 


NGC 2818 


G261. 9-1-08. 5 


NGC 2818 


5 


24 


1 


NGC 2899 


G277.1-03.8 


IC 2488 


17 




54 


VBRC 2 


G277.7-03.5 


IC 2488 


17 




53 


ESQ 177-10 


G324. 8-01.1 


Lynga 5 


5 




2 


KoRe 1 


G327.7-05.4 


NGC 6087 


7 


31 


4 


HcFa 1 


G329.5-02.2 


NGC 6067 


7 


33 


12 


Sa 2-167 


G347.7-f02.0 


NGC 6281 


4 


26 


6 


M 3-45 


G359.7-01.8 


Basel 5 


3 




5 



^Estimated from the angular radius cited by lDias et al.l I I2002I) . exeept as noted in the text. 
''From Rc 35'+ Angular Diameter IIBarkhatovalll950l) . 



Table 2 

Framework for Evaluating Possible Physical Associations. 



Criterion 


Likely Member 


Potential Member 


Nonmcmbcr 


AVr 


< 5 km/s 


5-10 km s""- 


> 10 km s"^ 


AEb — v 


< 0.2 


0.2 - 0.6 


> 0.6 


!i(PN)/d(cluster) 


~ 1 


1-2 


> 2 



Table 3 

Radial Velocities for NGC 2438 and NCC 2437 (M46). 



Souree 


Vb(PN) 
(km s"') 


Kr. (Cluster) 
(km s"') 


Stars 


Struve fCuffev 1941) 
^'Dell (1963) 

Moatlieringham et al. (19881 


77 

75 ± 5 
74 ± 4 


45.1 ± 5.5 
48.1 ± 3.0 


5 
1 


^crmilliod et aL (1989) 
^urand et al. ( 1998) 
~auls & Kohoutek (1996) 


75 ± 2.5 
60.3 ± 3.6 


48.1 ± 0.1 
60.8 ± 4.0 


1 (orbit) 

4 


Table 4 



Parameters for the Cluster NGC 2453. 



Source 


Distance 


Eb-v 




(pc) 




Moffat & Fitzeerald ( 1974) 


2900 


0.47 


Glushkova et al. ( 1997) 


2400 




Mallik et al. (1995) 


5900 ± 200 




Dambis (1999) 


2400 


0.48 


Moitinho et al. (2006) 


5250 


0.50 
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Table 5 

Additional Planetary Nebula/Open Cluster Coincidences (r < 15'). 



Planetary Nebula 


PN Identifier 


Open Cluster 


Cluster Vn ( )^ 


Estimated Rc (')'' 


Separation (') 


NGC 6741 


G033.8-02.6 


Berkeley 81 


3 




13 


K4 4-41 


G068.7-f01.9 


NGC 6846 


1 




1 


KLW 6 


G070.9+02.4 


Berkeley 49 


2 




11 


K 3-57 


G072. 1+00.1 


Berkeley 51 


1 




12 


A 69 


G076. 3+01.1 


Anon (Turner) 


3 




4 


Bl 2-1 


G104. 1+01.0 


NGC 7261 


3 


22 


7 


FP0739-2709 


G242.3-02.4 


ESO 493-03 


4 




8 


PHR0840-3801 


G258.4+02.3 


Rupreeht 66 


1 




2 


PHR0905-5548 


G274.8-05.7 


ESO 165-09 


8 




9 


Po 2-4 


G275.5-01.3 


van den Bergh-Hagen 72 


1 




9 






NGC 2910 


2 


24 


14 


NeVe 3-1 


G275. 9-01.0 


NGC 2925 


5 


26 


12 


Hf 4 


G283.9-01.8 


van den Bergh-Hagen 91 


3 




14 


He 2-86 


G300. 7-02.0 


NGC 4463 


2 


22 


3 


PHR1315-6555 


G305. 3-03.1 


AL 67-01 


2 




1 


PHR1429-6043 


G314. 6-00.1 


NGC 5617 


5 


25 


1 


vBc 3 


G326. 1-01.9 


NGC 5999 


2 


25 


5 



^Estimated from the angular radius cited bv lDias et al.l I I20Q2I) . except as noted in the text. 
■^From Rc ^ 35'+ Angular Diameter l lBarkhatovalll950l) . 
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Fig. 1. — The distribution of planetary nebulae 
and open clusters with galactic longitude , from 
data tabulated in the catalogs of lKohoutekl (|200lh 
and iDias et al Open clusters appear to 

be randomly distributed along the Galactic plane, 
whereas planetary nebulae are concentrated to- 
wards the Galactic bulge. 
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Fig. 3. — Star counts for the open cluster Berkeley 
57 derived from data in the 2MASS survey. 
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Fig. 2. — The distribution of open clust e r ages 



compiled from the catalog of iDias et al.l ( 20021 ) 
relative to the age/tu rnoff-mass relation given by 
Iben &: Renzinil ( 1983 ). Open cluster ages can be 
described by a normal distribution with a peak 
near log(r) ~ 8. The predicted upper turnoff mass 
limit, below which stars may evolve to produce 
planetary nebulae, is Af ~ 8 Mq, above which 
Type II supernovae are expected. 
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Fig. 4. — A color-magnitude diagram for M38 
(NGC 1912) constructed from 2MASS data. A 
log(r) = 8.25 ± 0.15 (Z=0.008) isochrone has 
been fitted to the observations, yielding a dis- 
tance of d = 1050 ± 150 pc and a reddening of 
Eb-v = 0.27 ±0.03. 
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Fig. 5.— The field of view of M46 (NGC 2437), 
from a combination of images taken at the Abbey 
Ridge Observatory with POSS 11. pig^ 7 _ ^he field of view of NGC 2818, a pseudo 

color image constructed from POSS 11 data. 
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Fig. 6. — A color-magnitude diagram for M46 
(NGC 2437) constructed from 2MASS data. A 
log(r) = 8.35 isochrone has been fitted to the ob- 
servations, yielding a distance oi d — 1700 ± 250 
pc and a reddening of Eb-v ~ 0.13 ± 0.05. 
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Fig. 8. — Star counts for the open cluster IC 2488 
from 2MASS data. 
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Fig. 9. — A JHK color-color diagram for Lynga 
5 constructed from 2MASS data. Likely cluster 
stars are reddened by Ej^h — 0.33 ± 0.03, which 
is equivalent to Eb-v = 1-18 ± 0.11. A redden- 
ing relation o f slope Ej-h = 1. 72 x Eh-k was 



adopt ed from iDutra et al 
(|2n06[ ). 



(|2002f ): iBonatto et al 
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Fig. 10. — A color-magnitude diagram for the 
open cluster Lynga 5 constructed from 2MASS 
data for stars within a 5' field centered on the 
J2000 co-ordinates for the cluster cited here. A 
ZAMS fit yields a distance of ci = 1950 ± 350 pc 
for the reddening indicated in Fig. 9. 



